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INTERIM REPORT ON CONTROL OF SIEMENS GENERATOR VOLTAGE DURING PULSING 

Siemens h a s  provided s e v e r a l  methods f o r  t h e  g e n e r a t o r  v o l t a g e  c o n t r o l .  

These a re  d e s c r i b e d  on pages 2 and 3 o f  t h e i r  manual, " D e s c r i p t i o n  of 

Generator  C o n t r o l  System" ( r e c e i v e d  November 9,  1970). They, however, do not  

i n d i c a t e  which i s  t h e  b e s t  method t o  use.  I n  my d i s c u s s i o n s  w i t h  t h e  Siemens 

f i e l d  e n g i n e e r ,  b e f o r e  h e  l e f t ,  h e  was unable  t o  a d v i s e  which was t h e  pre-  

f e r r e d  method. He s t a t e d  he would have t o  t r y  t h e  several methods. 

A v o l t a g e  c o n t r o l  method h a s  been a r r i v e d  a t ,  a f t e r  s e v e r a l  t r i a l s ,  based 

on s u g g e s t i o n s  by t h e  Siemens engineer  and t h e  A c c e l e r a t o r  Department engineers .  

The a d j u s t m e n t s  concerned t h e  no load  v o l t a g e ,  rate of  r ise of c u r r e n t ,  and 

t h e  c o n t r o l  when changing t o  f l a t  top .  The p r e s e n t  c o n t r o l  seems,adequate  f o r  

s u c c e s s f u l  p u l s i n g  of  t h e  main magnet so t h a t  a u s e f u l  beam h a s  been obta ined  

a t  28.5 BeV and 24.9 BeV. 

b e s t  method f o r  c o n t r o l l i n g  t h e  g e n e r a t o r  v o l t a g e .  

However, it i s  n o t  known whether  w e  are us ing  t h e  

Some d a t a  h a s  been t a k e n  w i t h  t h e  p r e s e n t  c o n t r o l  method. Study of  t h i s  

d a t a  and t h e  prev ious  d i s c u s s i o n s  w i t h  s e v e r a l  Siemens e n g i n e e r s  (1968-1970) 

i n d i c a t e s  t h a t  improvements can  b e  made. T h i s  r e p o r t  i s  be ing  made t o  provide  

a b e t t e r  understanding o f  the c o n t r o l  problem and t o  sugges t  a program of  tests 

s o  a s  t o  o b t a i n  t h e  maximum b e n e f i t  of t h e  c o n t r o l  f a c i l i t i e s  provided by 

Siemens. 
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The r e p o r t  i nc ludes  t h e  fol lowing:  

P a r t  1. Desc r ip t ion  and comments on t h e  Siemens genera tor  c o n t r o l  

methods as presented i n  t h e i r  manual, "Descr ip t ion  of  Generator 

Cont ro l  Systems" and a l s o  by them a t  conferences.  

P a r t  2.  Discuss ion  of da t a  obta ined  dur ing  March and A p r i l  1971, when 

pu l s ing  t h e  magnet a t  28.5 BeV and 24.9 BeV. 

improvements can be made. 

Suggested tests t o  develop t h e  b e s t  method of  vo l t age  con t ro l .  

I n d i c a t i o n  where 

Par t  3 .  

P a r t  1 

Af te r  Siemens had been awarded t h e  c o n t r a c t  f o r  t h e  power supply,  t h e r e  

were d i scuss ions  of  t h e  methods of gene ra to r  c o n t r o l .  

maintenance o f  cons t an t  genera tor  f l u x  as  t h e  p r e f e r r e d  method (meeting 4/10/68 

Erlangen, Sec t ion  6 page 3 ) .  Subsequently o t h e r  methods were proposed. F i n a l l y  

Siemens i s sued  t h e i r  manual i n  November 1970, "Descr ip t ion  of Generator Cont ro l  

System" but  d i d  not  recommend any s p e c i f i c  method. 

t h e  manual are l i s t e d  below A t o  D .  

They recommended t h e  

The methods descr ibed  i n  

A) 

B) Curren t -propor t iona l  c o n t r o l  (droop) as a supplement t o  method A. 

C) With method A, adding o r  s u b t r a c t i n g  cons t an t  va lues  t o  t h e  r e f e r e n c e  

Cont ro l  of genera tor  vo l t age  a g a i n s t  a cons t an t  r e fe rence  vo l t age .  

v o l t a g e  when changing t o  f l a t  top .  

A t  the beginning of f l a t  t o p  changing from cons tan t  vo l t age  c o n t r o l  

method A t o  cons t an t  e x c i t a t i o n  v o l t a g e  c o n t r o l .  

D) 

E) Constant f l u x  con t ro l .  A method which t h e o r e t i c a l l y  might be  most 

advantageous,  bu t  never s p e c i f i c a l l y  descr ibed  by Siemens. 

- A - This  method u t i l i z e s  a cons tan t  r e f e r e n c e  v o l t a g e  a g a i n s t  which the 

The r e g u l a t o r  a t t empt s  t o  vary t h e  genera tor  genera tor  v o l t a g e  i s  compared. 

f i e l d  vo l t age  so  t h a t  a cons tan t  genera tor  t e rmina l  vo l t age  i s  maintained.  

There a r e  f i e l d  winding and pole  f ace  winding t i m e  cons t an t s ,  and genera tor  
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r e a c t i o n s  due t o  t h e  cont inuous ly  inc reas ing  gene ra to r  c u r r e n t s  which cause 

s l i g h t  d e v i a t i o n s .  This  method was t r i e d  du r ing  t h e  i n i t i a l  t r i a l  pu l s ing  

' and as expected was not  s a t i s f a c t o r y .  This  method w a s  designed t o  be combined 

wi th  o t h e r s  descr ibed  below, 

- E - Current -propor t iona l  c o n t r o l  (droop)-. Th i s  i s  one of t h e  supplementary 

procedures t o  method A .  A s i g n a l  i s  produced which i s  p ropor t iona l  t o  t h e  

i n c r e a s e  in genera tor  c u r r e n t .  It can be a p p l i e d  t o  e i t h e r  i n c r e a s e  or  decrease  

t h e  r e fe rence  v o l t a g e  as t h e  genera tor  c u r r e n t  i nc reases ,  t hus  r a i s i n g  o r  lower- 

i ng  t h e  exciter vo l t age .  This  method has not  been t r i e d .  

- C - Adding o r  s u b t r a c t i n g  cons t an t  va lues  t o  t h e  r e fe rence  vo l t age  of 

method A a t  t h e  beginning of f l a t  top.  This  i s  t h e  p re sen t  method of opera t ion .  

The r e f e r e n c e  v o l t a g e  i s  increased  a t  f l a t  top .  The magnitude of t h e  vo l t age  t o  

be  added t o  t h e  r e f e r e n c e  v o l t a g e  was determined by t r i a l .  

- D - A t  t h e  beginning of f l a t  top ,  change ,from genera tor  v o l t a g e  c o n t r o l  t o  

cons tan t  e x c i t a t i o n  v o l t a g e  con t ro l .  During f l a t  t o p  t h e  magnet c u r r e n t  i s  

maintained cons t an t .  It was f e l t  a s e l e c t e d  cons t an t  e x c i t a t i o n  v o l t a g e  would 

produce a cons t an t  genera tor  v o l t a g e  and hence cons t an t  magnet cu r ren t .  This  

method w a s  proposed i n  September 1969 by Siemens. The va lue  of  f i e l d  v o l t a g e  

t o  be maintained would have t o  be determined by t r i a l .  

been t r i e d .  

This  method has  not  

- E - Constant  f l u x  c o n t r o l ,  which from t h e  genera tor  c h a r a c t e r i s t i c s ,  seems 

It can probably 

The c u r r e n t  s i g n a l  

t o  be- t h e  i d e a l ,  has  never been o u t l i n e d  i n  d e t a i l  by Siemens. 

be  obta ined  by us ing  cu r ren t -p ropor t iona l  c o n t r o l  method E. 

would add t o  t h e  r e fe rence  v o l t a g e  t o  i n c r e a s e  the f i e l d  c u r r e n t  t o  compensate 

f o r  t h e  mmf of  t h e  genera tor  load c u r r e n t .  

empi r i ca l ly  because t h e  genera tor  v o l t a g e  should droop due t o  t h e  leakage 

r eac t ance  drop. 

descr ibed  i n  t h e  manual. 

It would have t o  be  worked out  

This  i s  probably t h e  reason  t h e  cons t an t  f l u x  method was not 
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The adjustment requi red  when changing from pu l se  t o  f l a t  t op  can be 

c o n t r o l l e d  by e i t h e r  a change i n  r e fe rence  vo l t age  by method C o r  by switching 

t o  f i e l d  vo l t age  con t ro l ,  method D.  Both adjustments  would have t o  be d e t e r -  

mined by t r ia l .  

P a r t  2 

Ea r ly  i n  March 1971, t h e  a c c e l e r a t o r  w a s  opera ted  a t  28.5 BeV The cyc le  

t iming was 600 mi l l i seconds  rise, 750 m i l l i s e c o n d s . f l a t  t op  a t  a r e p e t i t i o n  

t i m e  of 2.2 seconds. The no load genera tor  vo l t age  had been reduced from 7500 

i n  s e v e r a l  s t e p s  t o  6000 v o l t s  (magnet dc vo l t age  reduced from approximately 

12,000 t o  9600 v o l t s )  f o r  i n i t i a l  beam con t ro l .  

w a s  by method A and C ,  t h a t  i s  cons tan t  vo l t age  dur ing  p u l s e  ( r i s i n g  c u r r e n t )  

and then  a higher  r e fe rence  vo l t age  dur ing  f l a t  top .  

The genera tor  vo l t age  c o n t r o l  

- 

When t h e s e  adjustments  had been made, t h e  a c c e l e r a t o r  operated s a t i s f a c t o r i l y  

a t  t h e  28.5 BeV. La ter  wi th  t h e  same method of c o n t r o l  t h e  a c c e l e r a t o r  was 

opera ted  a t  24.9 BeV. These ope ra t ions  continued u n t i l  shutdown a t  t h e  end of 

Apr  i 1”. 

A series of measurements were made a t  both of t h e s e  energy l e v e l s .  Records 

of genera tor  v o l t s ,  genera tor  c u r r e n t ,  f i e l d  cu r ren t  and f i e l d  v o l t s  were 

obta ined .  Because t h e  record ing  instrument  had only two channels,  combinations 

of t h e  above were taken  so  as t o  be a b l e  t o  make simultaneous comparisons. 

The source of t h e  measurements were as fol lows:  

a )  Generator v o l t s  - r e c t i f i e d  secondary vo l t ages  of t h e  t h r e e  phase 

p o t e n t i a l  t ransformers .  

Generator amperes - r e c t i f i e d  secondary c u r r e n t s  of t h e  t h r e e  phase 

l i n e  cu r ren t s .  

F i e l d  cu r ren t  - vo l t age  drop ac ross  a shunt i n  series with t h e  

generator  f i e l d  e 

F i e l d  v o l t s  - vo l t age  a t  t h e  f i e l d  te rmina ls .  

b) 

c )  

d) 
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For each energy level  t h r e e  records  were taken:  

1) 

2) Generator cu r ren t  and f i e l d  c u r r e n t .  

3 )  

The r e s u l t s  f o r  t h e  28,5 BeV are shown on shee t s  1, 2 and 3 ;  t hose  f o r  

Generator v o l t s  and genera tor  cu r ren t .  

F i e l d  cu r ren t  and f i e l d  ~ o l t s ,  

24.9 BeV are on s h e e t s  4 ,  5 and 6 .  Since each set showed similar c h a r a c t e r i s t i c s ,  

only t h e  28.5 BeV on shee t s  1, 2 and 3 w i l l  be  discussed.  

On shee t  1, t h e  genera tor  cu r ren t  ( d i r e c t l y  p ropor t iona l  t o  t h e  magnet 

cu r ren t )  i s  approximately a t r i a n g u l a r  wave. 

s l i g h t  droop. 

shee t  1 and shee t  3 does show t h e  f i e l d  cu r ren t  r ises a t  a s l i g h t l y  d i f f e r e n t  

r a t e  than  t h e  genera tor  cu r ren t .  

e x c i t i n g  e f f e c t  on t h e  f i e l d  system, The more important changes occur on 

The genera tor  vo l t age  has  a 

Sheet 2, which se rves  as  a t i e  t o  e s t a b l i s h  t iming between 

A r i s i n g  genera tor  cu r ren t  does have a s e l f -  

shee t  3 ,  f i e l d  c u r r e n t  versus  f i e l d  vo l t age .  

On shee t  3, i n  a d d i t i o n  t o  t h e  measured f i e l d  vo l t age  a computed record  

of f i e l d  ir, drop has  been drawn as curve A. 

f i e l d  v o l t s  from curve A i n d i c a t e s  f i e l d  fo rc ing .  About one t h i r d  through 

puls ing,  f i e l d  fo rc ing  starts a c t i v e l y  and then  l e v e l s  o f f .  

Thus any depa r tu re  o f  t h e  measured 

A t  t h e  beginning of f l a t  t op  (sheet 1) t h e  generator  cu r ren t  decreases  t o  

about 20% of t h e  end of pu l se  va lue  i n  less than  10 mi l l i seconds .  The sudden 

r educ t ion  i n  genera tor  cu r ren t  reacts on t h e  f i e l d  c i r c u i t  and causes  a t r a n s -  

i e n t  r educ t ion  i n  f i e l d  c u r r e n t .  This  change i s  i n  t h e  proper d i r e c t i o n ,  bu t  

o the r  e f f e c t s  t ake  con t ro l .  

switched i n  so  t h e  r e g u l a t o r  calls  f o r  a n  i n c r e a s e  i n  gene ra to r .vo l t age .  On 

shee t  3 t h e r e  are o s c i l l a t o r y  changes i n  f i e l d  c u r r e n t  and f i e l d  v o l t s  which 

t ake  about  300 mi l l i seconds  t o  reach t h e  s teady  va lues  f o r  f l a t  top.  Af t e r  

t h i s  t i m e  t h e  f i e l d  v o l t s  and curve A co inc ide  showing no f i e l d  forc ing .  

An i nc rease  i n  t h e  vo l t age  r e fe rence  has  been 
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It should be noted t h a t  during t h e  o s c i l l a t o r y  per iod  t h e  f i e l d  c u r r e n t  

which should be  decreas ing  t o  t h e  s t eady  f l a t  t o p  va lue  inc reases  be fo re  de- 

c reas ing .  The d e s i r a b l e  response a t  t h e  change t o  f l a t  t o p  should have been a 

quick r educ t ion  i n  f i e l d  c u r r e n t  t o  the cons t an t  va lue  r equ i r ed  f o r  f l a t  t o p  

namely about  700 amperes. 

t o  cons t an t  f i e l d  v o l t a g e  would r e s u l t  i n  qu icker  s t a b i l i t y .  With t h e  p re sen t  

l i m i t e d  d a t a  it i s  not  known whether some o t h e r  c o k r o l  would be  b e t t e r .  

i s  ev ident  however, due t o  per iods  of f i e l d  fo rc ing ,  t h e  p re sen t  ope ra t ion  i s  

not  a t  cons t an t  f l ux .  

This may be  where t h e  Siemens proposa l  t o  t r a n s f e r  

It 

Becau'se t h e  more important pe r iods  f o r  a c c e l e r a t o r  Operat ion are the pu l se  

and f l a t  t o p  no t  as much a t t e n t i o n  h a s  been given t o  i n v e r t .  During t h e  change 

from f l a t  t o p  t o  i n v e r t  t h e r e  are similar o s c i l l a t i o n s  ( shee t s  1 and 3 ) .  The 

sharp  i n c r e a s e  i n  genera tor  cu r ren t  causes  a d i p  i n  genera tor  vo l t age .  The 

f i e l d  c u r r e n t  and v o l t a g e  go through o s c i l l a t i o n s  seemingly i n  t h e  wrong d i r e c t i o n  

be fo re  dec reas ing  t o  t h e  no load va lue  ready f o r  t h e  next pu l se .  The main 

i n t e r e s t  i n  i n v e r t  i s  t o  t r a n s f e r  t h e  s t o r e d  magnet energy back to t h e  genera- 

t o r  as qu ick ly  as p o s s i b l e  and t o  a r r i v e  a t  the same no load v o l t a g e  so t h e  

next  pu l se  w i l l  b e  a d u p l i c a t e  of preceding pu l ses .  

As  a matter of i n t e r e s t  shee t  7 i s  included which shows Siemens schematic 

comparison of  several c o n t r o l  methods f o r  t h e  change from p u l s e  t o  f l a t  top .  

It w i l l  b e  noted t h a t  t h e i r  estimate of  t h e  cons t an t  f l u x  c o n t r o l  showed no 

o s c i l l a t i o n s  i n  f i e l d  c u r r e n t  and genera tor  vo l t age .  A s  s t a t e d  above, the  

cons t an t  f l u x  c o n t r o l  was never f i n a l i z e d  by them. 

P a r t  3 

From the d a t a  on s h e e t s  1 t o  6 it i s  ev ident  t ha -  dur ing  t h e  p u l s e  per iod ,  

w i t h  t h e  p r e s e n t  v o l t a g e  c o n t r o l ,  t h e  gene ra to r  i s  i n  a t r a n s i e n t  loading  s ta te ,  

t hus  s teady  s ta te  a n a l y s i s  cannot be app l i ed ,  The need, t h e r e f o r e ,  i s  t o  

determine t h e  s t a t u s  a t  t h e  end o f  pu lse .  This  w i l l  enable  us t o  determine 

_- 

t h e  d e s i r a b l e  ope ra t ing  c o n t r o l  i n t o  and during f l a t  top .  
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A proposed progr.am of t e s t i n g  would be: 

1) Se t  f i e l d  cu r ren t  a t  no load,  7500 v o l t  a t  genera tor  te rmina ls ,  
~. 

and hold  f i e l d  v o l t a g e  cons t an t  through a pulse ,  f l a t  t o p  and inver  

cyc le .  Take records  of  genera tor  v o l t s ,  amperes, f i e l d  v o l t s  and 

amperes. 'A l so  magnet amperes from t h e  pu l se  and f l a t  t op  r e c t i f i e r s .  

2) U s e  vo l t age  r e g u l a t o r  and in t roduce  a negat ive  droop ( inc rease  i n  

r e f e r e n c e  wi th  i n c r e a s e  i n  gene ra to r  c u r r e n t ) .  A t  f l a t  t o p  t h i s  

w i l l  lower t o t a l  r e f e r e n c e  v o l t a g e  due t o  r educ t ion  of  genera tor  

c u r r e n t .  Take same readings  as i n  (1). Also record  r e g u l a t o r  s i g n a l  

t o  s tudy e s p e c i a l l y  t h e  changes through f l a t  t op .  This  may g ive  d a t a  

f o r  cons tan t  f l u x  opera t ion .  

3 )  Repeat (2)  but  t r a n s f e r  t o  a cons t an t  f i e l d  v o l t a g e  a t  f l a t  top.  

A s tudy  of t h e s e  r e s u l t s  may lead  <o adjus tments  i n  (2) and ( 3 )  o r  may 

suggest  o the r  modes of opera t ion .  

Distr: Department Adminis t ra t ion  
R. Adams 
C. Anderson 
D. Davis 
A. Feltman 
R. Got t scha lk  
J. Herrera 
P. Humphry 
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